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Aviators flying extended periods in hot environments are known to be at risk for heat- 
related illness. The risk when wearing chemical individual protective equipment (IPE) is 
increased even at relatively warm temperatures and light workloads. In this paper, we repor 
the physiological responses of an aviator who had been flying a UH-1H helicopter up to 6 h/d 
clothed in full IPE on 6 consecutive days prior to the sudden onset of heat illness. Ipi5 

performance during the study was normal, and no clear physiological derangements were noted 
prior to his symptoms. The rapid evolution of his symptoms after voicing no complaints 
provides a graphic illustration of the difficult predictability and initial central nervous 
system effects of this condition. 
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CLINICAL MEDICINE 

Rapid Onset of Severe Heat Illness: 
A Case Report 

GLENN W. MITCHELL, M.D., M.P.H. 

collapse of one of the subjects after the second flight on 
the last day of his h-day participation. 

METHODS 

A X-year-old Caucasian male active ,duty aviator 
(heighl I75 cm. weight 7Y.h kg, VO~“I~X 43.6 
ml. min ’ * kg ‘) stationed a( the Army Aviation Cen- 
ler, Fort Rucker, AL. volunteered as a subject (S) in the 
study mentioned above. His rotary wing flight experi- 
ence was X00 h. He had no prior history of heat illness 
(syncope. exhaustion or stroke) and had normal physi- 
cal findings on a thorough history and examination con- 
ducted by a night surgeon immediately preceding par- 
ticipation in [he study. 

Hc did not acclimatize beyond his usual I h daily 
physical exercise program in gym clothing. His rouline 
blood chemistries from the beginning of the first day of 
participation in the study were: sodium I41 mg/dl; po- 
tassium 4.3 mg/dl; chloride 103 mgldl; bicarbonate 33 
mg/dl; glucose 72 mgidl: urea niltogen 15.2 mg/dl; white 
blood cell count 4900 cu/mm; hemoglobin 13.7 g/dl; he- 
matocrit 42.3%. All values were within the local hospi- 
tal laboratory’s normal ranges. 

I)urinp nights, the subject‘s heart rate and rhythm 
wcrc recorded continuously by an ambulatory electro- 
cardiographic monitor (Hittman Medical Systems. Co- 
lumbia, MD). Body temperature was obtained by a rec- 
tal probe (Yellow Springs instruments Inc. model 70IB. 
Yellow Springs, OH) inserted to 10 cm. Body temper- 
alurc and heart rate were recorded manually by obser- 
varron at 5 min inlervals on a digital output meter (Tek- 
tronix Inc. model 414. Beaverton, OR). Cockpit 
environmental temperatures-dry bulb (Tdh), wet bulb 
(TKh), and globe (Thg) temperatut-es-were determined at 
the same times using a WBGT meter (Reuter-Stokes 
C’anada Ltd. WIBGET. Cambridge. Ont., Canada) 
placed between the pilots‘ scats at the subject’s head 
ICVd. 
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Net fluid balance was determined by beginning- and 

end-of-test-day uniform and nude body weight mcasure- 
ments on an electronic balance (Sauter model K120. 
August Sauter, Div. of Metler Instruments, Hights- 
town, NJ) and by weighing all oral tluid intake and urine 
OulpUt. 

‘l‘hc U.S. Army’s chemical dcfcn~ cnscmhlc (10X4) 
consists of i\ two-layer, two-piccc overgarment with hu- 
tyl rubber overhoots and gloves and M-24 mask with 
hood worn over the standard Nomex one-piccc flight 
suil, gloves. and helmet. A prototype microclimate 
cooling vest was worn under the night suit. ‘l‘hc cnscm- 
blc (without cooling vest) exhibits a clo value of 2.57 
and an index of permeability of 0.29 (3). 

Mission Prorocol nt~tl l?xr f:(tc.ilitv 

This study was conducted under simulated field op- 
erational conditions during the summer of 1984 at High- 
falls Stagefield, Fort liuckcr. AL. During daylight 
hours, the S flew a UH-I t I “Huey” helicopter, rc- 
ceived prc-mission briefings. and performed prc- and 
through-flight checks on the aircraft. No rearming or 
refueling tasks were pcrformcd by the S. Full 11’13 was 
maintained during the entire period from breakfast to 
the end of the final daily test period (approximately I2 
h). During the rcmaindcr of the time, he relaxed in ;I 

small field tent while wearing only open ovcrgarmcnts 
over his flight suit. Breakfast and supper were provided 
as Meals-Keady-to-Lat (MIIEs), but midday intake was 
limited to a flavored electrolyte and glucose solution. 
Water W;lS iillOWed Nd lihl//ttn. 

Flight profiles included low level. nap-of-the-Earth 
(NOE), confined area operations, instrument ap- 

proaches and other tactical situations such as rcconnais- 
sance missions. No gross performance deficits were 
found on any of the tlights during the entire week. 

A microclimate air-cooling vest was used during days 

3 and 4 of the study. The S experienced no significant 
increases in rectal temperature during any flights on 
these days. Significantly, he (unlike other Ss in the 
study) tlcw with all aircraft doors closed on all days 
(except day 5) which increased the level of heat buildup 
in the cockpil hy ful-lher reducing convective heat dis- 
‘iipalion 2nd cv;ipor;rtion. 

S did 1101 c~ccc’d a heart rate of I20 hpm (mean YI 2 
I I) which is ICSS Ihan that often seen with even moder- 
ate cxcrclsc. Peak and mean heart rates during each 
High! at-c shown in Table 1. No significant correlation 
was found hctwcen heart rate and cockpit temperature 
except during the two hottc%t llighrs without cooling. 
The rates obscrvcd were consistent with previous esti- 
mates of the work load of helicopter pilots (I60 to IX0 
WI during Hight (Y). 

Peak and mean rectal temperatures and mean cockpit 
WHC’I’I‘ for each Ilight during the entire week are also 
displayed in ‘l’ablc I. Flights terminated by the flight 
surgeon for maximum rectal temperature by safety cri- 
teria (N = 2) are denoted by the symbol “T.” and those 
tcrminatcd for the sub.ject’s own complaints (nausea 
and fatigue) by the symbol “M” (N = I). Completed 
nights ilrc noted by the symbol “C’,” cxcepl for days 3, 
4 and 5 when the last flight of the day was determined by 
either cqulpment problems (“I<“) or weather (“W”l. 
respectively. Repression of peak rectal temperature hy 
IIlCiLn cockpit WH(i’l yiclticd a correlation coct’ticicnt r 
.: O.XY. I)ctailed data for the day of the clinical episode 
arc shown in I-ig. I. 

Daily weight changes for this subject and his equip- 
ment are displayed in ‘rahlc II. f3ody loss is the differ- 

TAH1.E 1. RE(:TAl. TEMPEKA’I‘URI:. HEART HATE AND (‘OI‘KI’1’1 W1H;T tl’tiAKtMEAN1 
UY 1)AII.Y FLIGHT NUMDER. I~UKATION AND Rl:ASON FOR I~I.1~itiT END: 
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‘I;\Bf.E II. Mf<AN IlA1l.Y f-f.lIILl BALANCE SUMMAKY. 
--.-_I_ ____-_I_ 

Oral Urine Uniform 12-h 24-h 
Intake oulpuc Gain Body Loss Body Loss 

(L) IL) (kg) (kg) (kg) 

4.111 0.76 1.29 0.22 - U.83 
2.32 0.32 1.31 
0.85 -0.01 0.59 
0.19 0.92 0.26 
0.31 I.07 -0.13 
I .03 0.70 0 

cnce between successive morrktg nucie weights, and 
urnform gain is the difference between morning and end- 
of-flight day total uniform weights. ILrly intake and out- 
put of lluids arc also shown. 

Data are shown only for the lirbt .y d of the test period 
since the last Jay was terminated in the early afternoon 
and did not allow I?- or 14-h weight changes and intake/ 
output dcternunations. On the I;\sI day (about 7 hi. S 
drank ?.Y3 L_ of water. produced 0.71 I. of ut-inc. had a 
1.X?-kg gain in uniform weight. and had a not loss of 
I .7K kg in body weight. 

!j reached rhe medical safety tcrmlnation rectal tern- 
perature of 38.5”c’ at the conclusion of the second night 
on the last day. Hc expressed disappointment that he 
was unable to complete the entire rlav. Ile repeatedly 
abked to continue flying in the afternoon and denied any 
rccurrcncc of fatigue or nausea he had earlier in the 
we&. S appeared physically tired. hut bib hchavlor was 
cnllrclv appropriate. 

Coniinuation of the flying day wan denied due to the 
protection of human suh.jects protocol in cffcct. His 
next hour was spent in a small gensrnl purpose tent, still 
in full IPE. taking a computcriLcd psychological test 
battery as part of the study. This had been done al the 
termination of every [lying day. On exiting the tent. S 
again expressed his desire to continue fll’lng. The Ilight 

medic then began to assist him with undressing and ter- 
minal data collection inside an air conditioned command 
building on-site. 

Within approximately 5 min. the medic urgently re- 
quested medical assessment of S. S’s mask and hood 
were off, and he had tears streaming down his cheeks. 
When asked what was going on, he began to answer 
with a distinct stutter. S verbalized a few words about 
“letting us down” and then stopped responding to ques- 
tions and began staring vacantly at the walls. This ab- 
normal behavior was assumed to be heat-related. and 
undressing proceeded rapidly. As his upper body cloth- 
ing was removed, the skin on his arms and chest became 
mottled. A radial pulse could not be palpated. and S 
collapsed. He was unresponsive to voice or painful 
stimulation. 

Fortunately. the dressing area also served as the 
emergency treatment area, and S was placed on the 
treatment table while the remainder of his clothing was 
removed. Ice packs were placed on his neck and in his 
armpits and groin. Water mist was sprayed from a gar- 
den-type device. and air was circulated over him by a 
fan. ‘l‘cmperaturc data was read and recorded several 
times during this episode. Even as intravenous access 
was being established; he began to speak and move his 
extremities. Within a IO-min period. he became com- 
pletely oriented with normal vital signs and physical 
examination. 



ACUTE HEAT ILLNESS ONSET-MITCHEIL 

served during the flighf day is illustrated in Fig. 1, as is 
the rapid rise after the psychological testing period and 
the equally rapid fall with treatment. Physical examin;\- 
tion and routine laboratory valuc~ immediately after rc- 

covery were normal (sodium 141 mg/dl. potassium 4.0 
mg/dl, chloride 102 mgldl. bicarbonate 32 mgidl, glucose 

107 mgidl, urea nitrogen 14.2 mgidl, white blood ccl1 
count 5100, hemoglobin 14. I gidl. hcmatocrit 42.6%). 
CK enzyme values WCI-c. unfortunately, not ohtaincd. 
Urine electrolyte analysis ruvcaled sodium 5X mg/dl. 
potassium45 mg/dl, and cNoride 24 mg/dl with negative 

’ presence of myoglobin imrnedratcly after the episode. S 
had no memory of events from the postflight psycho- 
logical testing until becoming aware that he was “being 
assaulted” in the treatment room. Follow-up cxamina- 
tions remained normal. and he remained on active flying 
\tatus without scquclac. 

DISCUSSION 

The actual pathophysiologp of’thc clinical episode re- 
mains unclear (I). The possibility ot’ heat syncopc cer- 
tainly is significant, although it is usually seen earlier in 
the course of heat exposure in less acclimated persons. 
fleat stroke did not appear IU dcvclop here, although 
the rapid rise in rectal tcmpcraturc provides some ync+ 
lion that it may have hccn the c)ns;ct of this crlntli~iort 
‘l‘hc lo\s of polcntially conlirmatory enzyme IcvcI\ ix 
frustrating. Heat exhaustion and hypohydration is most 
probable since his rectal temperature had been clcvntctl 
for several hours beforehand. and there was an oh- 
served net weight loss of’ 1280 g during the period I’rom 

breakfast to the clinical cpr~odc I;rboul 7 h). 
The actual diagnosis dots not matter for tlying sat’cty 

considerations, however. I<;lpid onset of severe pcrfor- 
mance decrements with few. hut recognizable. early 
warning signs is the central focus. This aviator tried to 
convince the flight surgeon that he could fly again just 
minutes prior to losing consciousness. Without rectal 
temperature readings and protocol restrictions. as is the 
case in real world operations. hc might have been mcti- 
ically clcarcd to continllc flying:. What then? 

The central nervous system signs S exhibited prior to 
iollapsc are typical signs of’ the onset of severe heat 
illness and are a key to survival I’or the rest of the air- 
crew (2). The inappropriate at’t’cct. presence of speech 
changes, and finally inattsntlon or withdrawal are rec- 
ognirable by alert t’cllow urctcw members. Each must 
IX aware of the polenttal Ggns and must be ready to 
I r;tnsfcr control of’ the ;rircr;ll‘t ;I\ ncccssary. In case an 
;lircrcw rncmhcr \nlf’c~rng 1ron1 hcilt cl’t’cctx h;is an it]- 
tlight physiological cmergcncy, the whole crew must be 
knowledgeable about et‘l‘ectivc field treatment for acute 
heat illness, since medical I‘ncilitics may not he readily 
;\vail;rble. 

Most clothing and equipment can be removed or at 
least opened even in flight prior to landing. Chemical 
cold packs which activate on crushing are small enough 
to tit in personal flight hags during the summer months 
or on IPE operations. They are applied easily to areas 
where arteric\ ;u-c close to Ihe surface (neck, armpits. 
and groml and coot the blood ct’ficienlly (IO). Canteen 
water splashed on cxposcd skin cim he evaporated by 
fanning with a jacket or shirt or exposing him to the 
wind or rotor downwash (4.6). Shivering should be 
avoided since it raise5 the body tcmpcrature. so treat- 
mcnt needs to be tailored to the situation (7). This treat- 
mcnt regimen can hc administered to any aircrew mem- 
ber with active signs of heat illness, although the initial 
measures alone may he sufficient to alleviate ~hc con- 
dition. The bottom line is that all aircrew members need 
to hc BWNL of rhts prohlcm. its manifcstatlons. and its 
immediate trealment if preventive meaiurcs fail. 


